The pool of cholesterol at the active site of the cholesterol side-chain cleavage enzyme was increased by preincubation with substrate. This process occurred at a linear time-dependent rate over 20 min, whereas uptake of cholesterol into mitochondria was complete by 1 min. Both endogenous mitochondrial cholesterol and added extramitochondrial cholesterol showed similar time-dependent substrate preincubation kinetics. The rate of metabolism of exogenous cholesterol was increased by injection of LH and decreased by treatment with cycloheximide. The rate of entry of cholesterol into the active site in both preparations, however, retained linear time-dependent kinetics. Calcium ions (2 mmol/l) increased the rate of steroidogenesis most in mitochondria preincubated for short periods and least in mitochondria preincubated for longer periods. These studies indicated that the pool of cholesterol at the active site of the enzyme can determine the rate of pregnenolone biosynthesis in the mitochondria of rat corpus luteum. Calcium ions, but not trophic hormones or cycloheximide, appeared to alter the access of cholesterol to the active site of the cholesterol side-chain cleavage enzyme during substrate preincubation.
INTRODUCTION
The initial reaction in luteal steroidogenesis is the mitochondrial cleavage of the side-chain of cholesterol to produce pregnenolone. Increasing evidence suggests that the availability of substrate plays an important role in the control of steroidogenesis. The mitochondrial content of cholesterol can determine the rate of steroidogenesis in adrenal (Mahaffee, Reitz & Ney, 1974) and luteal (Toaff, Strauss, Flickinger & Shattil, 1978) mitochondria in vitro. Furthermore, the mitochondrial content of cholesterol can be depleted by cholesterol sidechain cleavage activity in vitro (Arthur & Boyd, 1974) and there is evidence that this also occurs in vivo (Armstrong, O'Brien & Greep, 1964;  Arthur, 1974; Toaff et al. 1978) . Access of extramitochondrial cholesterol to the active site of the cholesterol side-chain cleavage enzyme may also be subject to regulation. Spectral binding studies suggest that this step is controlled by trophic hormones and cycloheximide (Simpson, Jefcoate, McCarthy & Boyd, 1974) , possibly through a factor with rapid turnover involved in the intramitochondrial transport of cholesterol (Paul, Gallant, Orme-Johnson, Orme-Johnson & Brownie, 1976) . van der Vusse, Kalkman, van Winsen & van der Molen (1976) showed that preincubation of testis mitochondria from control rats, but not from those pretreated with luteinizing hormone (LH), increased their steroidogenic activity. They suggested that preincubation caused the entry of cholesterol into some active form before cleavage of the cholesterol sidechain.
We investigated the rate of entry of substrate into the active site of the enzyme involved in cholesterol side-chain cleavage by preincubating mitochondria for various periods with cholesterol. Exogenous cholesterol was differentiated from endogenous mitochondrial cholesterol because extramitochondrial substrate may be rate-limiting in vivo. The amount of substrate present at the 'active site' of the cholesterol side-chain cleavage enzyme was assayed by measuring the rate of pregnenolone production. The (Parlow, 1958) . Rats were killed 6 days after the second injection (HCG) . In experiments involving LH, the rats were injected s.c. with either 0-2 ml 0-9% NaCl solution or lOpg LH (NIH ovine LH-S18) in 0-2 ml 0-9% NaCl solution 60 min before killing. Cycloheximide (10mg/rat) was administered in 0-2 ml 0-9% NaCl solution by i.p. injection 10-15 min before killing. Control animals were injected i.p. with 0-2 ml 0-9% NaCl solution. Rats were killed by cervical dislocation and the corpora lutea quickly removed, trimmed free of adherent fat and homogenized in five times their wet weight of ice-cold 0-25 M-sucrose KC1, 20 mmol/1; triethanolamine hydrochloride (pH7), 15mmol/l; potassium phosphate, 10mmol/l; MgCl2, 5mmol/l; EDTA, 0-2mmol/l; BSA, 0-1%; cyanoketone, 6·0µ 1/1. Ovarian homogenate (01ml) and buffer (1-7 ml) were incubated in glass tubes at a mitochondrial protein concentration of l-2mg/ml. Samples (0-5 ml) of the reaction mixture were transferred to 4 ml methanol to terminate the reaction. Chloroform (5 ml) and water (2 ml) were added to the extract. Two different methods, (a) radioimmunoassay of total pregnenolone formed and (b) assay using radioactive tracer to detect the metabolism ofextramitochondrial cholesterol, were used to investigate cleavage of the cholesterol side-chain.
The pregnenolone radioimmunoassay, using antisera raised in New Zealand white rabbits to pregnenolone-20-aibumin, was a modification by Mason, Arthur & Boyd (1978) (Fig. la) . The linear concentration-dependence of the uptake process determined by the centrifugal method, indicated that a simple partition of cholesterol into the mitochondria was occurring (Fig.  lb) . The amount of cholesterol entering the mitochondria did not appear to be influenced by injection of cycloheximide or LH into the rats. (Fig. 2a) , or endogenous and exogenous cholesterol (Fig. 2b) . Substrate preincubation stimulated the rate of cholesterol side-chain cleavage to a greater extent in the mitochondria preincubated with exogenous cholesterol (Fig. 2b) Preincubation dramatically increased the availability of extramitochondrial cholesterol for the cholesterol side-chain cleavage reaction (Fig. 3) . The metabolism of extramitochon¬ drial cholesterol was increased by preincubation to a greater extent than the metabolism of endogenous cholesterol (Fig. 2a) . After preincubation of mitochondria with exogenous cholesterol for 2 min the rate of metabolism of this exogenous cholesterol was so low (less than 3 pmol/min per mg) that it could not be measured accurately. The rate of metabolism of exogenous cholesterol over the first 6 min of incubation was linear for each preincubation period. When the rates of pregnenolone production, estimated from the rates at 3 and 6 min after initiation of the reaction, were plotted against substrate preincubation time (Fig. 4) , an approximately linear relationship over preincubation for 22 min was observed. This indicated that the rate of entry of exogenous cholesterol into the pool of precursor at the active site of the cholesterol side-chain cleavage enzyme occurs at a slow but steady rate over this period. This would also explain the decreased rate seen over the 6-9 min period in the 21-5 min preincubated mitochondria which suggested that the diffusion of substrate into the active site was occurring at a slower rate than its rapid metabolism. [14C]Cholesterol (20µ1) The metabolism of endogenous substrate indicated that the pool of steroidogenic precursor had been depleted by cholesterol side-chain cleavage activity. However, no significant difference in the metabolism of extramitochondrial cholesterol was observed in mitochondria depleted of cholesterol by preincubation with isocitrate for 0, 5 or 10 min. Mitochondria depleted of most of their endogenous steroidogenic cholesterol by 30 min preincubation showed a lower rate of metabolism of added cholesterol, possibly due to some inactivation of the cholesterol side-chain cleavage during the long preincubation period with isocitrate.
Effect ofpretreatment of rats with LH on the preincubation effect It has been postulated that the physiological control by LH of cholesterol side-chain cleavage activity is mediated by alteration of the interaction of substrate with the cholesterol side-chain cleavage enzyme ). However, the uptake of cholesterol by mitochondria from LH-treated and saline-treated control animals was not significantly different (Fig. le) . Mitochondria from saline-or LH-treated rats were preincubated with exogenous cholesterol for various times and the rate of side-chain cleavage determined in order to investigate whether the effects of LH and substrate incubation were additive. Increasing the period of substrate preincubation did not alter the difference in side-chain cleavage activity between mitochondria from LH-and saline-treated rats (Fig. 4a) . Like the control mitochondria, mitochondria stimulated by LH in vivo showed a roughly linear dependence of rate of pregnenolone production from exogenous cholesterol on preincu¬ bation time.
Effect ofpretreatment of rats with cycloheximide on the preincubation effect Studies on the action of cycloheximide suggested that a regulatory protein with a half-life of less than 1 min was important in the control of steroidogenesis (Gorski & Padnos, 1966; Hermier, Combarnous & Jutisz, 1971) . The effect of inhibiting the synthesis of this factor on cholesterol entry into the active site of the cholesterol side-chain cleavage enzyme during the preincubation period was therefore studied.
Both cycloheximide-inhibited and control mitochondria showed a linear dependence of rate of pregnenolone production on time of preincubation with exogenous cholesterol (Fig.  4b) . The rate of metabolism of exogenous cholesterol in mitochondria from cycloheximidepretreated rats was approximately 40% of the rate of metabolism of saline-treated controls.
Effect of calcium ions on the preincubation effect: cholesterol side-chain cleavage with endogenous and exogenous cholesterol Calcium ions, at millimolar concentrations, have been shown to increase the rate of steroidogenesis in adrenal mitochondria, possibly by disrupting mitochondrial structure , displacing cholesterol to an environment more accessible to the cholesterol side-chain cleavage enzyme (Arthur, Mason & Boyd, 1976) . The effect of calcium ions on substrate preincubation was therefore investigated. Mitochondria were incubated for 7 or 20 min with exogenous cholesterol in the presence or absence of calcium chloride.
Pregnenolone produced from endogenous and exogenous cholesterol was determined by radioimmunoassay after initiating cholesterol side-chain cleavage with isocitrate. The presence of calcium ions increased the rate of steroidogenesis in both sets of mitochondria (Table 2 ). However, substrate preincubation decreased the calcium effect. The stimulation of the initial rate of pregnenolone production (at 3 and 6 min) by calcium ions was greater in the mitochondria incubated with cholesterol for 7 min than in the mitochondria incubated with cholesterol for 20 min.
DISCUSSION
It has recently been shown that the cholesterol content of adrenal (Mahaffee et al. 1974 ) and luteal (Toaff eí al. 1978) (Behrman & Armstrong, 1969) ; (c) at the level of the mitochondrial interaction of cholesterol with cytochrome P-450, under the influence of LH and cycloheximide (Simpson et al. 1972; Paul et al. 1976 ).
The rate of metabolism of exogenous cholesterol observed in our experiments indicates that an intramitochondrial step may limit the rate of steroidogenesis in the corpus luteum. Preincubation of mitochondria with both endogenous (Fig. 2a) (Fig. 3) contrasted with its rapid uptake into the mitochondrion (Fig. la) (Table 1) . This suggested that the delay in the access of cholesterol to the active site observed during preincubation (Fig. 3) was not due to competition at the active site of the cholesterol side-chain cleavage enzyme.
The possibility of a substrate-independent activation of mitochondrial side-chain cleavage during preincubation was precluded in experiments using exogenous cholesterol. Each set of mitochondria was incubated over the same time period, and only the period of exposure to cholesterol was varied. The linear relation between the rate of pregnenolone production and the period of substrate exposure indicated the importance of substrate during the preincubation period.
Mitochondria from LH-pretreated rats were able to metabolize at a faster rate the cholesterol which had accumulated at the active site of the cholesterol side-chain cleavage enzyme. However, the slow rate of entry of cholesterol into the active site over the substrate preincubation period resembled that of control mitochondria. This indicated that the access of exogenous cholesterol to the active site of the cholesterol side-chain cleavage enzyme limited pregnenolone production from exogenous cholesterol in mitochondria from LHtreated rats.
This contrasts with the absence of a preincubation-induced stimulation of steroidogenesis in mitochondria from the testis of LH-treated animals (van der Vusse et al. 1976 ). However, the preincubation period appears to represent a balance between substrate-activation and inactivation processes, and tbese workers used a longer preincubation period. Also, they did not determine the content of cholesterol in mitochondria from LH-pretreated and control rats and it is probable that the former resembled luteal mitochondria in containing less substrate (Arthur, 1974) .
The stimulation of cholesterol side-chain cleavage by substrate preincubation in mitochondria from rats pretreated with cycloheximide suggests that the access of cholesterol to the active site of the cholesterol side-chain cleavage enzyme also limits the rate of pregnenolone production in these mitochondria.
In contrast, calcium ions, although they did not completely abolish the effect of substrate preincubation, did diminish the effect, and allowed substrate to interact more rapidly with the cholesterol side-chain cleavage enzyme. Calcium ions have been shown to increase the inverted type I spectrum produced by pregnenolone, as well as increasing pregnenolone biosynthesis in adrenal mitochondria (Simpson et (Halkerston, 1975) and the LH response in the testis (Janszen, Cooke, van Driel & van der ; also, during stimulus-secretion coupling, calcium uptake increases in parallel with increased cyclic AMP (Rasmussen, 1970 
